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A METHOD TO PREVENT GRAFT REJECTFON USING TGF-P TO INDUCE T SUPPRESSOR 

CELLS 

This application is a continuing application of U.S.S.N. 60.196.446. filed April 11. 2000. 

FIELD OF THE INVENTION 

« 

The field of the invention is-related to compositions and methods useful for preventing graft rejection in 
a recipient following organ transplantation. 

BACKGROUND OF THE INVENTION 

Organ transplantation has been used to improve the quality of human life. Substantial progress has 
been made in the transplantation of kidneys, hearts, lung, livers and pancreas. Current 
immunosuppressive drugs are generally effective in blocking the immediate rejection of tinese organs. 
However, when the organ is from an unrelated donor, i.e.. allograft, these drugs become less 
successful witii the passage of time because Immunosuppressive drugs are often ineffective In 
blocking chronic allograft rejection. In addition, there are significant side effects associated witii long 
temi immunosuppressive therapy. Each year approximately 10.000 kidney transplants are perfomied 
in the United States. While the chances that the graft will (unction well for at least one year have been 
increasing, tiiere has been a lack of progress in preventing chronic allograft rejection during Hie past 
20 years (See Figure 1; Jn Fundamental Immunology, 4th ed., Paul. W.E. (ed.)J-ippmcott-Raven 
Philadelphia. 1999. p.1201). As a result, only 50% of trensplants are still functioning years later. ' 
There is an urgent need, therefore, for new metfiods to prevent chronic rejection. 

Graft rejection occurs when the immune system of tiie recipient recognizes foreign histocompatibility 
antigens. Infrequently, rejection is caused by antibodies, either prefomied or the re^of multpe 
blood transfusions. Rejection generally occurs when T lymphocytes from the recipient recognize and 
respond to donor histocompatibility antigens (Pescovitz MD. Thistiethwaite JR Jr. Auchincloss H Jr. et 
al. J Exp Med 1984;160:1495-1508). 
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There.are two major histocompatibility complex (MHC) loci. Both major and minor histocompatibility 
antigens have been described as well as the genes that encode them. One encodes MHC class I 
antigens which are recognized by CD8+ T cells and another encodes MHC dass II antigens which are 
recognized by CD4+ cells. MHC class I antigens are expressed on almost all tissues of the body. 
Both MHC I and II antigens are very polymorphic so ttiat it Is highly unlikely that antigens from 
unrelated individuals will be identical. 

Differences in MHC antigens between donor and recipient trigger a strong immune response by tiie 
reapient which results in the rejection of ttie transplanted organ. Foreign MHC antigens are directiy 
recognced by tiie recipient's immune cells and also indirecfly recognized by antigen-presenting cells 
of tiie recipient Which have processed donor MHC antigens. The classical model of allograft rejection 
emphasizes CD4+ Tcells of tiie recipient recognizing MHC class II antigens of tiie donor. These 
activated CD4+ cells serve as helper cells for recipient CD8+ which are sensitked by direct 
rec6gnition of donor MHC class I antigens. The activated CD8+ cells then kill donor cells by lysing 
tiiem (Mizuochi T. Golding H. Rosenberg AS. Glimcher LH. Maiek TR. Singer A J Exp Med 
1985;162:427-443. 205). Further studies have revealed additional partidpation of recipient antigen 
presenting cells. B cells. NK cells and NK T cells which adds complexity to tiie mechanisms 
responsible for graft rejection. \ 

Graft destruction which occurs wittiin tfie first few weeks after tiansplantation is called "acute 
rejection". Usually, the use of immunosuppressive drugs temporarily prevents ffiis result 
Unfortunately. ti,e grafts may eventually fail weeks or monttis later. This failure is referred to as 
•chronic rejection.' Botti humoral and cellular mechanisms have been implicated in chronic rejection. 
Anti-donor antibodies have been daimed to promote dhtonlc rejection, but ttiis is controversial. It is 
generally believed ttiat dironto rejection is «ie consequence of persistent sensitization of the immune 
system to donor MHC antigens. The immune cells of ttie redpients cannot 'team- to accept ttie donor 
MHC antigens as self and respond by attacking ttie graft. 

There are Iwo approadies to prevent graft rejection. The first is by b-eabnegt wjth non-spedfic 
immunosuppressants and the second is to induce donor-specific tolerance. ' " 

The standard first approach is to use immunosuppressive dmgs such as steroids, azattiloprine. 
mycophenolate. cyclosporine. FK-SOS. rapamydn. leflunomide. or 15-deoxyspergualin. These' drugs 
suppress immune responses by inhibiting lymphocyte gene tianscription. cytdkine^^l tia^siiction. 
nucleotide synttiesis and cell dmerentiation. These drugs are associated witii lifelong increased risks 
of infection and malignancy. ,n addition. anti-T cell antibodies sudi as anti-lymphocyte serum or anti- 
fhymocyte globulin are also powerftil immunosuppressants. However, they have major side effects 
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Naturally occurring suppressor T cells produced by the thymus have been characterized in mice 
These are CD4^- cells that express CD25. cell surface 11-2 receptor a chains (Shevach. E. A. (2000) 
Annu. Rev. Immunol. 18:423^9.; Seddon. B.. and D. Mason. (2000) 21:95-99.; Sakaguchi S N 
Sakaguchi.M.Asano.M.ltoh. and M.Toda. (1995) J. Immunol. 155:1151-1164). Todate thisTceli 
subset has not been well described in humans and whether these cells can be expanded in the 
periphery is unknown. 

CD4. cells repeated^, stimulated with IL-10 or activated wrth immature dendritic cells develop down- 
regulatory activity (Groux.H.. A. 0-Garra.M.BigIer.M. Rouleau. S.Antojeiko. J. E. DeVries and M 
G. Roncarolo. (1997) Nature. 389:737-742; Jonuleit. H., E. Schmitt, G. Schule, K. Jurgen. and A H ' 
Enk. (2000) J Exp Med 192:1213-1222). These T cells, called TR1 or TRUike cells, are anergic and 
therr immunosuppressive effects are mediated by IL-10 and TGF-p. Anergic T celis suppress other T 
cell responses by targeting antigen-presenting cells (Taams. L S.. A J. M. L van Rensen M C M 
Poeten. C. A. C. M. van Els. A C. Besseling. J. P. A Wagenaar. W. van Eden, and M. H. M. Wauben 
(1998) Eur J Jmmunol28:2902-2912; Vendetti. S.. J. G. Chal. J. Dyson. E. Simpson. 6. Lombardland • 
R. Lechler. (2000). J. Immunol. 165:1175-1181). Unfortunately, large numbers of tinese cells are 
nequrred for suppressive activity and thefr capacity to expand is very poor. 

The profile of cytokines produced by T cells can affect the survival of an organ graft TTie shift In T cell 
response fix)m the prxMnflammatory Thi response (IL-2 and IFN-y) to the antisnflammatonr Th2 (IL-4 
IL-10) response has been associated with allograft acceptance (Roser BJ. Immunol Rev 989- 107- 
179-202; Lancaster F. Chui YL. Batchelor JR. Nature 1985;315:336-337; Wilson. Immunol Rev 
1989;107:159-176). Only limited data, however, implicate an active role of Th2 cells in tolerance 
.nduction (Bucy RP. Li J. Huang GQ. Honjo K. Xu XY.[AbstiBct]. FASEB J 1995-9 A497- Wilson 
Immunol Rev 1989;107:159-176). Moreover, in some cases Th2 cells can mediate or «,ntribute to 
graft rejection. 

Metfiods to specifically directT cells to become tolerant or produce inhibitory cytokines would be very 
helpful .n promoting ttie survival of transplanted organs. Several tolerance«toducing strategies have 
been attempted in combination wrth conventional immunosuppressive drugs.' In rodents, tolerance can 
be achieved by gMng a dose of letiial irradiation to a mouse, and saving ttie animal by giving back T ■ 
celWepleted syngeneic and allogeneic bone marrow cells. The hematopoietic cells tiiat repopulate 
the animal will display histocompatibility antigens of boti, donor and recipient cells and,. therefore, will 
be tolerant to grafts from each mouse strain (SingerA HatticockKS. Hodes RJ.-^ Med=lfcl- 
153:1286). Non-myeloablative conditioning regimens have been described where mice are subletiially 
irradiated. T cell depleted witi, monoclonal antibodies and given either anti-CD154 or CTLA41g which 
block co-stimulatory molecules (Wekerie. 1999). This strategy achieves central tolerance and should 
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have long lasting effects, but has not yet been performed in large animals. None of these strategies 
have been used to replace chronic therapy in clinical transplantation. 

Peripheral tolerance can be achieved by blocking co^fmulatory molecules. The combination of 
CTU4lg and anti^DI 54 markedly prolongs the survival of primary skin allografts in mice (Lar^n CP 
ElwoodET.AIexanderD^etal. Nature 1996;381:434^38; Kirk AD. Harlan DM. Anr,strong NN etal" 
ProcNatlAcadSciUSA1997;94:8789^794). Amajorproblemwithstrategiestoblockco^ ' 
stmulatory molecules is that they cannot prevent generation of new Tcells in therecipient capable of 
recx>gni2ing donor antigens. 

There are examples of solid organ transplants that have survived for many years in human recipients 
Who d.d not receive hematopoietic cell transplants ( Starzl TE. et al. (1993) Transplantation. 
55:1272-1277). In these instances, passenger leukocytes from the graft might emigrate to the thymus 
and'tolerize subsequent^ developing thymocytes. The heavy doses of immunosuppressive drugs • 
used to prevent acute rejection btocks this thymic education. Strategies to reduce the dosage of 
immunosuppressive therapy might overcome this problem and lead to long lasting central tolerance. 

An ideal strategy to prevent graft rejection would be to induce T cells to develop the capacity to 
suppress the immune attack by the recipient against donor histocompatibilify antigens. Although 
CD4. cells repeatedly actK,ated in the presence of IL-10 develop potent suppressor activity, these 
cells have a very short life span and poor proliferative potential (Groux H. et al.. (1 997) Nature 
389:737-42). Thus, there is a need for a method to generate suppressor T cells which are hardy and 
able to proliferate. 



SUMMARY OF THE INVENTION 



In accordance with the objects outiined above, the present Invention provides composrtions and 
methods that can be used to induce T cell tolerance in a solid organ tiansplant recipient The 
compositions include compounds that Inhibitor suppress immune function by indudng a population of 
Tce/ls fo develop suppressor activity. Compounds useful in the compositions of fte Invention include 
antiinflammatory cytokines, such as IL-4. IL-10 and TGF-p. chemokines. prostaglandins and nitric 
oxide. 



I in a 



in an additional aspect, the present invention provWes methods of inhibiting graft rejicfon i 
recipient comprising removing peripheral blood mononuclear cells (PBMC) from a donor and recipient, 
cultunng Uie donor and recipient cells together in the presence of a compound that Induces T cell 
suppressor activity, and administering these treated cells to the recipient following graft 
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In a further aspect, the invention uses closed systems for the purification, conditioning and expansion 
of T cell populations before administering them to a patient 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the lack of progress in preventing chronic rejection over the last twenty years. 

Figure 2 depicts the effect of TGF-p on T cell subsets in the generation of ceils that suppress cytotoxic 
T cell activity. One way allogenic mixed lymphocyte reaction (MLR) is used to generate regulatory T 
cells that suppress cytotoxic T cell activity. In allogeneic MLR. T cells from one individual (i e A) are 
mued with cells fironi an unrelated individual (i.e.. B). In the absence of regulatory T cells which 
suppress cytotoxic T cell activity individual A's T cells recognize B's ceils as foreign and develop the 
capacity to kill B's cells. 

Regulatory T cell subsets that prevent this killing are generated from A by negative selection by 
staining the cells witii appropriate monoclonal antibodies and using immunomagnetic beads to remove 
the stained cells. The resulting T cell subsets are cultured for five days with cells from B in the 
presence of TGF-p. Controls consist of T cells cultured with stimulator cells in the absence of TGF-p. 

The effect of TGF-p conditioned T cell subsets on allogeneic MLR was detemiined by mixing 
regulatory cells to effector cells in a retio of 1 :4. After five days of culture with stimulator cells from B 
the cytotoxic activity of T cells from A was detemiined using a standard chromium release assay in 
which effector cells from A were mixed with chromium labeled lymphoblasts from B in the effector to 
target cell ratios shown. Chromium release was measured in a 4 hour assay (open squares). Control 
T cell subsets cultured with stimulators in the absence of TGF-p are indicated by open circles T ceil 
subsets cultured with stimulator cells in the presence of TGF-beta are shown as closed circles. In all 
experiments. TGF-beta enhanced the capacity of the T cell subsets to suppress4he generation of 
cyotoxic activity. 

Figure 3 depicts two independent experiments showing ttie regulatory effects of TGF-p on CD4 
CD45RA T cells cultured wiOi stimulator cells in the presence or absence of TGF-p. Control Cp4 
CD45RA ceils culbjred wiUi stimulator cells in tfie absence of TGF-p have modest^^^erite 
suppressive activity, in contrast. T cells primed witii TGF-p 1 ng/ml mari<edly suppress or abolish alio- 
CTL activity. 
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Figure 4 depte ta, CD4 supp^ssor cells require cell cor^c to ,„hlbll cytotoxic T ceH actK* In 
these expen-me*. regulatory CD4 cells lion CD4 CD46RA were oorKflttoned with TGF-B as ' 

^uh^rce s»omB. Aseparatea»,uoto,«gulato^c«llswassepa,3tedta„t.,e,espo„der... 

stmu«orce,tet>yamembrar,e.T.eresu»sindtea.e«supp.ssorTcel.,e,ul«ce,lcontac.to 
exert their regulatory effects. 

Figuna 5 depicts suppression of lyn,pn„cyte proiBeratlon by .^ulatory T ceils induced with TGF- 
U. Nave CD4* T cells from A were mbced with stimulator cells as descdbed above and added to fresh 
responder and stimulator cells at the indicated ratios. The bars show the mean uptaKe oftritiated 
U^ymKtine . SEM after 7 days of culture. The ligh«, shaded bar (Nil) indicates the pmiltemtive 
response of the responder T cells without added CD4* cells. Tf^ daridy shaded bar indicates the 
^of coMTo, CD4. cete cutared w» simulator cel., but ^«,ou, TGF* The bla^ bar Moatos 
«-^o^C,M.ce^cul^dw,ths.™iat.ce.sin.he presence ofTGF-p,, „g,m,). Theeftectof 
^ CD4* cells on the prol^raUve response of ^h responder c^ls added to Irradiated s«mulato, 
cells after 7 days of culture is shown. 

Figure 6 depicts the potency of CD4. regulatory T cells Induced by TGF-p and shows that they 
express CD25. Naive CD4. T cells primed with irradiated allogeneic stimulator cells ± TGF-6 (1 
ng/ml) and CD4 regulatory cells were separated Into CD25. and CD25. frBcfions by cell sorting 

Figure 6A depicts the effect of Primed CD4+ cells mbced With fresh T cells at a 1-4 ratio The 
suppressh,eactivitylsconcentr.tedintheCD25f^^^^^ , 

dilutions of these primed CD4. T cells added to fresh responder cells on the generation of CTL , 
activity. Resultsshownwereperibm,edataneffectortotargetcellrBtioof100:1. Significant 
suppressive activity was present when less than 1 CD4reg was mixed with 100 responder T cells. 

Figure 7 depfcts theeffects of a regulatory composition on the expression of CD25 and CTLA-4 bv 

CD4.celte^TheTcellsubsetwaspreparedfromthespleensofDBA/2mice. TT,e CD4. cells were • 
cu.n.redwl&,irrad«tedal.^^^^^^^ 

^ -1ng/mOforthedaysshown. Tlie cells were stained for CD25 or CUA^ anS the percentage of 
iGF-p significantly enhanced ejcpression of CD25 and CTLA-I. 

Fi^re a depicts the proi,ferafive response of CD4* regulatory T cells to aHoant^ens-^L T 
conta,nlng m nom«l human sentm. The cells were labeled with caiboxyfluorescein (CFSE) and r^ 



-7- 



wo 01/77299 

PCTAJSOl/11898 

stimulated with irradiated allogeneic stimulator cells. The intensity of CFSE staining after three and 
five days 5 days of culture is shown. The heavy line shows CD4 regulatory cells and the thin line 
CD4+ cells primed with alloantigens without TGFH3. T he proliferative response of the CD4h- cells 
primed With TGF-p is stronger than that of control CD4+ cells. Similar results have been obtained in 
four other experiments. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention makes possible the transplantation of solid organs such as kidneys, heart. 
Imgs. liver and pancreas in humans using methods to prevent chronic graft rejection. By mixing large 
numbers of T ceils ex vivo with a compound that induces suppressor activity, a population of 
suppressor or regulatory T cells is produced. Suppressor cells can be administered to a recipient 
before, at the time of. or after the transplant to prevent tiie recipients T cells from killing donor cells 
thereby inducing tolerance and long tem, survival of the transplant The particular advantage of tfiis 
procedure is ttiat tiie immune system of the recipient is harnessed to perfomi a function that 
conventional and experimental tiierapies have failed to achieve. 

Thus, ttie present invention prevents graft rejection by suppressing T cell activation and inducing a 
tolerant state in tfie recipient's cells. This is achieved by inducing some of ttie recipient's cells to 
assume a sun^eillance rote and prevent other recipient cells from mounting an immune attack against 
the graft. The net effect is for ttie recipient's lymphocytes to become tolerant of tiie histocompatibility 
antigens of the donor, thereby making possible the long temi survival of the graft. 

This stiategy is unlike almost all otiier treabnent therapies currentiy in use because cells, rather than 
organ recipient as a whole, are treated witii potent pharmacologic agents. Thus. «.e recipient is 
spared from ttie severe side effects associated witii these agents. 

An advantage of the present invention is that it may reduce or minimize the need to administer highly 
to;ac-.mrf.unosuppressive medicines that must be given to recipients of orgaR taansplants In ttie 
present invention, the recipient's own immune cells are induced to suppress the immune response, 
ttius. ttie doses of toxic immunosuppressive drugs administered for ttiis purpose can be reduced. 

Thus, ttie present invention provides a lowered probability of serious side effects as only tiBce 
amounts of compounds which may block tfie immune response are rehjmed tb the^nt- 

The present invention shows tfiat a population of a redpienf s T cells can be induced to block an 
.mmune attack against ttie donor organ. Wittiout being bound by ttieory. it appears ttiat ttiere are 
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several ways the methods of the Invention may work, either alone or in combination. Rrst. recipient 
cells may be activated to become tolerantto the donor cells. Second, reapient cells may be activated 
to assume a surveillance role and prevent other recipient cells from killing donor cells Third 
treatment of recipient cells with a suppressive compound may inhibit the cytotoxic activity of some 
reap,ent T cells by inducing other recipient cells to have suppressor activity. For example, in Rgures 
2-A. TGF-p e used to induce various T cell subsets to have suppressor activity and prevent lysis of 
donor cells. Suppressing the lysis of donor cells by recipient cells v«II decrease or eliminate chronic 
graft rejection. 

Accordingly, the present provides compositions and methods of inducing T cell tolerance In an organ 
transplant recipient The present Invention provides methods comprising removing peripheral blood 
mononuclear cells (PBMCs) from both a recipient and a donor, mbcing the redpient and donor cells 
together, and treating the cells with a regulatory composition to generate a population of suppressor T 
cells. These suppressor T cells can be Introduced Into a recipient at the time of transplant, or at 
vanous times thereafter to prevent chronic graft rejection. 

By -recipient- herein is meant a human which Is to receive an organ transplant In some case the 
recpent may be an animal. Including but not limited to rodents Including mice. rats, and hamsters 
domestic animals, wild animals and primates. Likewise, for tiie puipose of the invention, a "donor^ is a 
human or animal from which the organ Is obtained. 

The present invention Is directed to methods utilized in organ transplant By "oigan" herein is meant 
solid organs such as kidneys, heart lungs, liver, and pancreas. 

In a preferred embodiment rejection of Oie bBnsplanted organ is prevented by inducing tolerance In a 
reapients T cells by administering T cells conditioned to become suppressor cells. By lolerance' or 
T cell tolerance- or grammatical equivalents herein is meant immune non-responsiveness to donor 
cells. ,.e.. a tolerance to the histocompatibility antigens of the donor. That Is. abolishment of cytotoxic 
T cell activTy by radpient cells against donor cells. Preferably, the radpienfs T^^Ils retain the ability 
to recogno^e otherantigens as foreign, to fadlitate tumor killing and general immunological responses 
to foreign antigens. 

T cells are conditioned to become suppressor cells by freabnent witti a regulatory compj^jtion A 
regulatory composition Indudes at least one compound which induces T cells to develop supprislve 
activity. By "suppressive activity" herein is meant at least some of ttie freated T cells develop ttie 
capacity to prevent cytotoxic T cell activity in other T cells. 
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T cells which develop the capacity to block cytotoxic T cell activity are referred to herein as 
"suppressor T cells" or -regulatory T cells.' By "suppressor T cells" herein is meant a population of T 
cells which develop the capacity to inhibit other T cells from killing donor cells. 

Using methods outlined herein, graft rejection is decreased or eliminated. By "decreased" or 
"eliminated" herein is meant that at least one symptom of graft rejection is ameliorated. This may be 
evaluated in a number of ways, including both objective and subjective factors on the part of the 
patient as is known in the art The clinical pattern of organ dysfunction often helps to suggest the 
diagnosis of rejection. However, no clinical sign can definitively diagnose rejection. /Mthough it would 
be useful to determine a means of identifying rejection episodes based on systemic manifestations of 
the immunologic mechanisms involved, there is not yet a well^stablished assay to measure rejection 
activity (Paul. W.E. (1999) Fundamentals of Immunology). 

The methods provide for the removal of blood cells from redpients and donors. In general, peripheral 
blood mononuclear cells (PBMCs) are taken from recipients and donors using standard techniques. 
By "peripheral blood mononuclear cells" or"PBMCs" herein Is meant lymphocytes (including T^Ils, 
B^lls. NK cells, etc.) and monocytes. As outlined more fully below\ appears that the main effect of 
the regulatory composition is to enable CD4+ T cells and/or other T cell subsets (i.e.. CD8+ T cells. 
NK T cells, gamma delta T cells) to develop suppressive activity. Accordingly, the PBMC population 
should comprise CD4+ T cells. Preferably, only PBMCs are taken, eitiier leaving or returning red 
blood cells to ttie patient This is done as is known in tiie art. for example using leukophoresis 
techniques. In general, a 5 to 7 liter leukopheresis step is done, which essentially removes PBMCs 
from a patient returning the remaining blood components. Collection of «ie cell sample is preferably 
done in the presence of an anticoagulant such as heparin, as is known in the art 

In general, ttie sample comprising ttie PBMCs can be pretreated in a wide variety of ways. Generally, 
once collected, ttie cells can be additionally concentrated, if tills was not done simultaneously witti 
collection or to furttier purity and/or concentiate the cells. The cells may be washed, counted, and 
resusperided in buffer. 

are *i 

The PBMCs are generally concentiated for treatinent using standard techniques in ttie art In a 
preferred embodiment the leukopheresis collection step results a concentiated sample of PBMCs. in 
a sterite leukopak. Uiat may contain reagents or doses of tiie regulatory composition, as morf fully 
outiined below. Generally, an additional concentiation/purification step is done. stfijRTs Ficaii:"'"' 
Hypaque density gradient centrifugation as is known in ttie art 
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in a preferred embodiment the PBMCs are then washed to remove semm proteins and soluble blood 
components, such as autoantibodies, inhibitors, etc.. using techniques well known in the art 
Generally, this involves addition of physiological media or buffer, followed by centrifugation. TTiis may 
be repeated as necessary. They can be resuspended in physiological media, preferably AIM-V serum 
free medium (Life Technologies) (since serum contains significant amounts of inhibitors of TGF-p) 
although buffers such as Hanks balanced salt solution (HBBS) or physiological buffered saline (PBS) 
can also be used. 

Generally, the cells are counted; approximately from 1 X 1 0' to 2 X 10« white blood cells are collected 
from a 5-7 liter leukopheresis step. These cells are brought up in roughly 200 mis of buffer or media. 

in a preferred embodiment the PBMCs may be enriched for one or more cell types. For example, the 
PBMCs may be enriched for CD8. T cells. CD4. T cells or NK T cells, "mis is done as is known in the 
art.as described In Gray etal. (1998), J. Immunol. 160^48. hereby incorporated by reference 
Generally. th.s is done using commeroially available Immunoabsorbent columns, or using research 
procedures (the PBMCs are added to a nylon wool column and the eluted. nonadherent cells aro 
^eated With antibodies to CD4. CD16, CD1 lb. and CD74. followed by treatment with immunomagnetic 
beads, leaving a population enriched for CD8+ T cells). In one embodiment cell populations aro 
.ennched for CD4H- cells, as ttiese appear to be the cells most useful in tiie methods of the invention. 

in a preferred embodiment ti,e CD4. cells could be furtiier purified to include on^ undifferentiated 
narve cells. This is done by depleting tiiem of CD45RO. cells using monoclonal antibodies This ' 
procedure eliminates populations of CD4. cells which may have acquired functions whkrfi might 
interfere wrth tfie generation or activity of suppressor T cells. 

In otiier embodiments, CD8+ cells. CD3+CD4-CD8- cells, or NK T cells may be t^ated witii a 
regulatory composition to develop suppressor activity. 

Once «,e cells have undergone any necessary pretieatinent the cells are ti-eafed witt, a regulatory 
composrtion. By "treated" in this context herein is meant tiiat tiie cells are incubated witii the 
regulatory composition for a time period sufficient to result in T cell tolerance, particulariy when 
transplanted into the recipient patient The incubation will generally be under physiological 
temperature. 

By -regulatory composHion" or "tolerance composition" is meant a composition tinat can induce T cell 
tolerance to donor histocompatibility antigens. The regulatory composition will include irradiated T 
cell^epleted mononuclear cells from ti,e donor to limit the supprossor T cells to only tt^ose which can 
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react with the histocompatibility antigens of the donor and at least one compound which induces these 
activated T cells to l)ecome suppressor cells. 

The concentration of the regulatory composition will vary depending on the identity of the compounds 
included in the composition, but will generally be at physiologic concentration, i.e. the concentration 
required to give the desired effect, i.e. an enhancement of specific types of regulatory cells. 

Donor blood cells are obtained by pheresis and after removal of red blood cells. 1-2 x 10« PBMC are 
treated with anti-T-cell antibodies, such as anti-CD3 antibodies and the positive T cells removed by 
immuno-magnetic beads. The T cell-depleted donor cells are ircBdiated to prevent them from 
proliferating and mixed witt, the redpient cells at a ratio of .01 to 10. with from about 0.1 to 3 per donor 
cells being preferred. 0.5 to 2:1 being especially preferred, and 1:1 being ideal. 

Corftpounds used to activate T cells to become suppressor cells include, but are not limited to. 
prostaglandins, nitric oxide. chemoWnes and cytokines, in a preferred embodiment, the compound 
used to activate T cells is a cytokine. 

\ 

In a preferred embodiment, cytokines, such as interleukin 2 (IL-2). interleukin 15 (IL-15). interleukin 4 
(IL-4). interieukin 10 (IL-10) and transfomning growUi factor beta (TGF-P) are used to activate T cells. 

A composition containing more than one compound may be used to activate T cells to become 
suppressor cells. The compositions may contain more than one compound from the same class of 
compounds. i.e.. two or more cytokines, chemokines. or prostaglandins may be mixed together. The 
composition also may contain compounds from different classes of compounds, such as a cytokine 
and a chemokine. or a cytokine and a prostaglandin, etc. 

In a preferred embodiment, compositions containing two or more cytokines are used to activate T 
cells. For example. IL-2 and TGF-p are mixed togeUier to increase the generation of suppressor cells. 

in a preferred embodiment, TGF-P is used to generate suppressor T cells. By "ti^nsfomiing growth 
factor "P" or TGF-p- herein is meant any one of the family of the TGF-ps. including the three Isoforms 
TGF.p1, TGF.p2. andTGF-pS; see Massague. (1980). J. Ann. Rev. Cell Biol 6:597. Lymphocytes 
and monocytes produce the B1 isoform of this cytokine (Kehrl etal. (1991). IntJCell.ClonJng 9:fi38- 
450). The TFG-p can be any form of TFG-P that is active on the recipient cells be#eate<}rin " 
humans, recombinant TFG-p is currentiy preferred. A human TGF-P2 can be purchased from 
Genzyme Pharmaceuticals. Famiington. MA In general, the concentration of TGF-p used ranges 
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from about 1 0 pg to about 5 ng/m! of cell suspensions, with from about from about 0.1 ng to 3 ng/ml 
being p ^rred. and 1 ng/ml being ideal. 

TGF-p is incubated with the recipient cells and a population of irradiated donor PBMC (harvested as 
ouUined above). Tlie donor cells are irradiated so that they cannot attack the recipient cells The 
■ncubation period occurs for a period of time sufficient to cause an effect, generally from4 hours to 6 
days although both shorter and longer periods are possible. 

in a prefenred embodiment treatment of recipient cells witf, ti,e regulatory composition is followed by 
expansion of these cells before transfer to the recipient patient 

In other embodiments, it may be desirable to tiansfertiie cells instead of expand tiie cells In Ms 
^se. tiie cells are transfen-ed immediately after washing to remove tiie regulatory composition, and 
frozen or otherwise stored. 

once tiie cells have been tieated. tiiey may be evaluated ortested prior to tiansplaotation into the 
reapient For example, a sample may be removed for steriltty testing; gram staining, microbiological 
studies; UL studies; mycoplasma stiidies; flow cytometry to identify cell types; functional studies etc 
These and other lymphocyte studies may be done before and after treatirent A preferred anafysis is 
to label donor cells; incubate tiie treated tolerant recipient cells witii the labeled population to verify 
tiiat tiie recipient cells are tolerant and will not kill ttie donor cells. 

Assays such as tiiose shown in Figure 2. can also be used to detemiine if tiie regulato^r composition 
has induced suppressor cells. This is done by mixing suppressor cells generated ex vivo witii tiie 
recipient's T cells and assaying the survival of tiie donor cells. 

in a preferred embodiment, tiie treabnent results in ttie conditioning of tiie T cells to become non- 
responsive to histocompatibility cells of the donor so ttiat graft rejection is prevented. 

In a prefened embodiment tiie isolation of T cells, conditioning ttiem v«tti ttie r^ulatory composKion 
and expansion of ttiese cells are perfomied in a closed system such as ttie Nexell Isolex 300 system 
to minimize tiie inbToduction of toxins to tiie product 

The recipients tieated T cells are tiansferred back to tiie recipient patient This Is ^|y d4 as is 
known ,n tiie art and usually comprises injecting or introducing ttie treated cells Into tiie redpient as 
will be appreciated by tiiose In ttie art Th/s may be done via Intiavascular (IV) administiBtion. 
including inttavenous or intraarterial administration, intiaperitoneal administration, ete. For example 
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the cells may be placed in a 50 ml Fenwall infusion bag by injection using sterile syringes or other 
sterile transfer mechanisms. The cells can then be immediately infused via IV administration over a 
period of time, such as 1 5 minutes, into a free flow IV line into the patient In some embodiments, 
additional reagents such as buffers or salts may be added as well. 

After reintroducing the cells into the patient, the effect of the treatment may be evaluated, if desired, as 
is generally outlined above and known in the art 

The following examples serve to more fully describe the manner of using the above-described 
invention, as well as to set forth the best modes contemplated for carrying out various aspects of the 
invention. It is understood that these examples in no way serve to limit the true scope of this 
invention, but rather are presented for illustrative purposes. All references cited herein are 
, incorporated by reference in their entirety. 

EXAMPLES 

Example 1 

TGF-p activated CD4+ T cells suppress cytotoxic T cell activity. 

Blood from both donor and recipient were obtained by pheresis. PBMC from each individual were 
separated from RBC using the Nexell Isolex 500 closed system. CD4+ cells from the recipient and T 
cell-depleted mononuclear cells from the donor were prepared using commercially available reagents. 

If the redpient receives an organ transplant from a donor whose mononuclear cells are not available, 
the redpienf s T ceils are conditioned with inradiated mononuclear cells from a pool of donors which ' 
express a broad panel of common and uncommon histocompatibility antigens. 

Recipient CD4+ cells were cultured with irradiated donor mononuclear cells in the presence of TGF-p 
for Fdays. ^he CD4+ cells which react with donor cells in the presence of le&P were induced to 
l)ecome suppressor T cells. The cells were incubated with donor alloantigens or mitogens for an 
additional 10 days to expand the number of suppressor T cells. 

To test the potency of these suppressor T cells, they were cultured for 5 days with the recipient's T 
cells mixed with donor irradiated non-T cells to induce killer T cells. The recipients^ills ar^ fen 
mixed witii chromium labeled donor lymphoblast cells and incubated for 4 hours. If the donor cells 
are killed by the recipients cytotoxic T cells, chromium is released into the culture medium. By 
detemiining the amount of chromium released, the percentage of cells killed can be detemnined. 
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Figures 2-4 show that regulatory T cells generated wfth TGF-beta block the ability of the recipient's T 
cells to kill donor T cells. 

In the standard cytotoxic assays shown in Figures recipient cells were cultured with labeled donor 
cells in 25:1. 50:1 and 100:1 ratios. These combinations of recipient and donor cells are called 
effector to target ratios. Killing is indicated by the various symbols. As expected, maximum killing was 
seen at the highest effector to target ratio. CD4+ cells cultured with donor stimulator cells had a 
modest inhibitory effect CD4. cells that had been conditioned with TGF-p 1 ng/ml almost completely 
abolished the capacity of recipient T cells to kill donor mononuclear cells. 

Example 2 

TGF-p activated T cells suppress cytotoxic T cell activity. 

Blobd from both donor and recipient were obtained by pheresis. PBMC from each indivklua! were 
separated from RBC using the Nexell Isolex 500 closed system. T cells from the recipient which 
contain both the major subsets (CD4+ and CD8+ cells) and the minor subsets (TNK cells and gamma 
delta T cells), and T cell-depleted mononuclear cells from the donor were prepared using commercially 
available reagents. 

Recipient T cells were cultured with irradiated donor mononuclear cells in the presence of TGF-p for 3 
to 6 days. The various T cell subsets which react with donor cells in the presence of TGF-p were 
induced to become suppressor T cells. Similar procedures were repeated for an additional 10 days to 
expand the number of suppressor T cells. 

The recipient's T cells primed with donor alloantigens in the presence of TGF-beta are then tested for 
suppressive activity by showing that they prevent recipients precursor killer cells from developing the 
capacity to kill donorTcells by the procedures described in Example 1. 

Example 3 

Treatment of T cells fixjm a recipient of kidney graft from a non-identical sibling donor to prevent 

graft rejection. 

CD4+ cells conditioned with 1 ng/ml JGF-p. are transferred to the recipient 1 day befbr?*idney 
transplant and allowed to "home" to lymphoid tissue. These CD4+ cells circulate to ffii-recipienfs 
lymphoid organs, where they block the recipient's T cell response to donor histocompatibility antigens. 
As a result the recipient's T cells become tolerant to the donor's histocompatibility antigens This 
tolerance reduces acute rejection, lessening the need for high doses of Immunosuppressive drugs As 
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the recipient's lymphocytes are "educated" to develop long lasting tolerance, chronic rejection Is' 
decreased or eliminated. If signs of graft rejection recur, additional Infusions of regulatory T cells will 
ameliorate this response. 
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CLAIMS 

What is claimed is: 

1. A method for inducing T cell tolerance ex vivo in peripheral blood mononuclear cells (PBMCs) 
comprising adding a regulatory composition to activate said cells. 

2. A method for inducing a recipients cells to decrease graft rejection comprising: 

a) isolating peripheral mononuclear blood cells from a recipient and a donon 

b) mixing donor and recipient cells ex vivo\ 

c) treating said cells wfth a regulatory composition; 

d) expanding said cells; and 

e) introducing said cells to said recipient 

3. A method according to claim 1 or 2 wherein said regulatory composition comprises stimulator cells 
and TGF-p. 

4. A method according to claim 3 wherein said regulatory composition further comprises cytol<ines 
selected from the group consisting of IL-2 and IL-1 5. 
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Figure 7 
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Figure 8 




